Purpose of review: Diagnosis of ataxic disorders is an important clinical challenge upon which prognostication, management, patient solace, and, above all, the hope of future treatment all rely. Heritable diseases and the possibility of affected offspring carry the added burden of portending adverse health, social and financial ramifications. Recent findings:
C erebellar ataxia with neuropathy and vestibular areflexia syndrome (CANVAS) is a novel ataxia comprising 3 key etiologic foci of ataxia: cerebellar, vestibular, and sensory. Although this disorder implicates 3 of the 4 cardinal props of balance (only vision remains unaffected), it is slowly progressive compared to other similar ataxias, such as Friedreich ataxia or spinocerebellar ataxia type 3. The search for the causative gene(s) in CANVAS is under way, but our initial attempts indicate that the pattern of inheritance is unlikely to be straightforward.
Our experience to date suggests that as a clinical entity, CANVAS may comprise more than 1 causative gene, exhibit considerable phenotypic heterogeneity and phenocopies, and have a complex pattern of inheritance. Patients with CANVAS range from singletons to those with affected siblings in what most closely approximates a late-onset recessive pattern. Our attempts to isolate the causative gene(s) have been aided by close scrutiny of the diagnostic criteria we apply to those patients suspected of having CANVAS. The benefit of a clinical definition that is not too exclusive is that it minimizes the chance of excluding patients who may have CANVAS, particularly should there prove to be a major degree of phenotypic heterogeneity.
Conversely, if we are too inclusive with our clinical definition, we risk diluting our attempts at identifying the underlying genetic abnormality. For this reason we propose a staged classification system such that possible cases are identified while still maintaining those characteristics that we suspect are at the clinical core of the syndrome (for example, a sensory neuronopathy [ganglionopathy]). Following on from this example, the presence of mixed sensorimotor and small fiber neuropathies seen in some patients with CANVAS highlights the possibility of a variable phenotype. We anticipate that once the genetic abnormality is identified, reviewing these alternative phenotypes may be valuable in more completely defining the phenotype (or perhaps identifying more than 1 disease).
Another reason for creating a broad definition in the "clinically possible CANVAS" category is an acknowledgement of the variability in access to, and expertise in interpreting, certain investigative modalities. This pertains to MRI, vestibular function testing, and neurophysiologic assessment. Again, drawing on the case of neurophysiology, the availability of such testing may be limited, but more importantly, the experience in differentiating between a neuropathy and neuronopathy (ganglionopathy) may be limited. It has been our experience that if a neuronopathy is not considered, a neuropathy is readily diagnosed. A similar situation may occur in the peripheral sensory examination, in that one may test sensory perception in the lower limbs and cease testing at a certain anatomical point, under the impression that a sensory level has been located. However, in certain cases pursuing sensory perception further proximally along the limb (and indeed onto the torso) may reveal a patchy sensory loss, which is more consistent with a neuronopathy than a neuropathy.
There is no discernible sequence to the onset of the 3 cardinal features of CANVAS (cerebellar impairment, bilateral vestibular hypofunction, and a somatic sensory deficit), and patients may manifest only 2 of the 3 for many years before fulfilling the minimal diagnostic requirements of this syndrome. Pathologically, CANVAS is defined by a multiple cranial nerve 1 and dorsal root 2 neuronopathy and a consistent pattern of cerebellar atrophy. 3 Hearing loss and pyramidal signs are not components of CANVAS. Patients may have unrelated hearing loss, most commonly presbycusis or noise-induced hearing loss. Coincidental bilateral vestibular loss and cerebellar impairment would preclude consideration of a diagnosis of CANVAS, particularly in the absence of a positive family history. 4 An example of cases seen is that of a posterior fossa decompression for a Chiari malformation with postoperative sepsis managed with gentamicin and complicated by a bilateral peripheral vestibulopathy.
Nerve conduction studies should include abnormal sensory nerve action potentials in at least one upper and one lower extremity nerve to meet the minimum requirement of clinically possible CANVAS.
Although these proposed criteria are constructed around the 3 cardinal features of CANVAS, it is important not to neglect the other features of CANVAS that may be seen. These include dysphagia, cough, autonomic dysfunction (such as postural hypotension), somatic allodynia, and dysesthesia. 5 Clinically possible canvas Clinical evidence of bilateral vestibular hypofunction is most commonly ascertained via the assessment of clinical markers of diminished vestibulo-ocular reflex (VOR) gain (table 1). 6 Modalities that may be used include the head impulse test (see figure 1 ), abnormal dynamic visual acuity, 7 and abnormal occlusive fundoscopy (Zee test). 8 Given that all 3 of the cardinal features of CANVAS (cerebellar impairment, bilateral vestibulopathy, and a somatic sensory deficit) may confer ataxia in their own right (that is, cerebellar ataxia, vestibular ataxia, and a sensory ataxia), it is imperative that each component is demonstrated to be independent of the other 2. In the case of cerebellar ataxia, clinical evidence may be inferred only when a cerebellar-specific impairment is observed. These would include Abnormal nerve conduction testing that is consistent with a sensory deficit but excludes nerve entrapment neuropathies or other known pathology, and Exclusion of genetic ataxias able to be gene tested, particularly spinocerebellar ataxia type 3 (SCA3) and Friedreich ataxia Neurology.org/cp cerebellar oculomotor abnormalities (e.g., abnormally broken-up smooth pursuit, gaze-evoked or direction-changing nystagmus, dysmetric saccades to target, rebound nystagmus), cerebellar dysarthria, scanning speech, and truncal ataxia. Gait ataxia is a nonspecific sign and may be caused by cerebellar, vestibular, or sensory impairment. 9 Similarly, a positive Romberg test may reflect cerebellar, vestibular, or spinal posterior column dysfunction. 10 Nerve conduction studies should include abnormal sensory nerve action potentials in at least one upper and one lower extremity nerve to meet the minimum requirement of clinically possible CANVAS. The clinical examination for a somatosensory deficit has been found to be unreliable; in particular, intact tendon reflexes have been seen in patients with abnormal sensory nerve action potentials in the same limb.
Clinical assessment of an abnormal visually enhanced VOR (VVOR; previously referred to as the "doll's head" or "doll's eye" reflex) is demonstrated by turning a patient's head from side to side in the yaw plane at about 0.5 Hz while the patient stares at an earth-fixed target (e.g., the clinicians nose) and observing that the compensatory eye movements are saccadic rather than smooth 3 (see figure 2 and the video at Neurology.org/cp).
Ataxic conditions that may present similarly to CANVAS include the spinocerebellar ataxias (SCAs), particularly SCA3, which may comprise cerebellar ataxia, a bilateral peripheral vestibulopathy, [11] [12] [13] [14] and a sensory neuropathy 15, 16 (table 2) . We recommend screening for SCA 1,2,3,6, and 7, as there is considerable variability in their presentation 17 and gene tests are generally available. Adult-onset Friedreich ataxia may be composed of cerebellar impairment, 18-20 a bilateral vestibulopathy, 21, 22 and a sensory neuronopathy, 23, 24 so we advise that all suspected cases of CANVAS be tested for a mutation in the frataxin gene. 23 
Clinically probable canvas
In this diagnostic category, the nerve conduction studies must demonstrate neurophysiologic evidence of a neuronopathy (ganglionopathy) according to our published protocol. 25 
Figure 1
Bilateral vestibulopathy shown on horizontal impulsive testing recorded on the video head impulse test in a patient with CANVAS
The head rotation stimulus is shown in black and the eye movement response is shown in red. Maximum gain of the vestibulo-ocular reflex (VOR) is less than 0.2 (normal .0.68) in each direction and compensatory "catch-up" saccades are seen following the head impulse. Inset: normal bilateral horizontal VOR gain (;1).
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Early indications of cerebellar atrophy on MRI scanning may be subtle and in our experience are often preceded by clinical evidence of cerebellar impairment. The cerebellar atrophy seen in CANVAS preferentially involves the vermis, 2 and it is here that early changes may be seen.
The results of nerve conduction studies in this diagnostic category may be consistent with a sensory neuropathy or neuronopathy, a sensorimotor neuropathy, or a predominantly or purely small fiber neuropathy or neuronopathy. Motor studies are normal or show minor abnormalities (i.e., abnormalities which are proportionally less than those identified in the sensory studies).
Notably, the presence of a sensory neuronopathy can be confirmed by demonstrating low amplitude or absent sensory nerve action potentials, often with upper more than lower extremity involvement. ª 2016 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.
Clinically definite canvas
Objective evidence of an abnormal VVOR may be found on high-speed video-oculography (see figure 2 ), rotational chair testing, videonystagmography, or magnetic scleral search coil technology (table 1) . We find the most sensitive readily available modality is high-speed videooculography using a video head impulse system. 3 Cerebellar atrophy on MRI displaying anterior and dorsal vermis atrophy (vermal lobules VI, VIIA, and VIIB) and lateral hemispheric atrophy predominantly affecting crus I (corresponding to vermal lobule VII) is best visualized in a midsagittal and parasagittal view, 2 with corroborating evidence of atrophy on coronal sections (see figure 3 ).
Pathologically definite canvas
We have previously published the results of temporal bone histopathology 1 and neurologic and spinal pathology 2 (table 1) (see figure 4 ).
CONCLUSION
Identification of the pathologic gene(s) in CANVAS will lead to the development of a definitive diagnostic test and provide the hope of treatment advances. It may also alter the classification of CANVAS, be it an autosomal recessive cerebellar ataxia or an autosomal dominant SCA (albeit with markedly reduced penetrance). The "syndrome" will be clarified into a definitive disease entity, with or without subtypes or phenocopies. In the short term, the greatest benefit of these proposed diagnostic criteria may be the enhanced confidence with which clinicians will be able to inform their patients of their diagnosis, their likely prognosis, and the likelihood that subsequent generations are clinically affected. 
